INTRODUCTION
P lants have to cope with various abiotic stresses such as drought and salinity that cause a decrease in plant productivity. However under these conditions, the accumulation of stress-related hormones such as salicylic acid (SA) could be changed rapidly [1] . In plants, SA could be identified as an effective therapeutic agent that regulates various physiological and biochemical processes during their life cycle [2, 3] .
The role of SA in response to pathogens has been intensively focused. SA plays also an important role in response to various environmental stresses such as salinity, chilling, heat, heavy metal and osmotic stresses [2, 4] . In recent years, SA is suggested to be a promising compound within its effect on eliminating the deleterious effects of stress factors, and it is suggested to be a complex signal transduction network. However, the impact of SA could be changed according to the application and the plant species [5] .
GABA is a four carbon non protein amino acid; especially it is enhanced by various stress conditions.
In the GABA shunt, initially α-ketoglutarate is converted to glutamate by glutamate dehydrogenase (GDH, EC 1.4.1.4) activity. Glutamate is then catalyzed to GABA by the activity of glutamate decarboxylase (GAD, EC 4.1.1.15). Therefore, GAD and GDH activities have important roles in the GABA pathway. In plant defense mechanism, hormone signaling has a critical role under various stresses. Therefore, the effects of plant hormones on signal molecules should be well evaluated under stress conditions [6] . And the interaction between SA and GABA is not well known.
In this study, our aim was to identify the interaction between SA and GABA metabolism in pepper (Capsicum annuum L.) plants under salt and PEGinduced osmotic stresses. To our knowledge, this is the first report indicating the effect of SA on GABA metabolism during salinity and PEG-induced osmotic stresses.
MATERIALS and METHODS

Chemicals and Spectral Measurements
Hoagland, PEG, NaCl, methanol (for liquid chromotography) were obtained from Merck. 
Total Chlorophyll Content
Total chlorophyll content was assayed according to [7] . The chlorophyll concentrations were calculated by the following equation.
Chlorophyll a+b (mg/g)=[8.02×A663+20.20×A645]× V/1000×W, Where V= volume of the extract (ml); W= Weight of fresh leaves (g).
Sample Preparation and Enzyme Assay
Leaf samples (1 g) were homogenized in the buffer to [8] . Leaf extracts were used in the analysis of glutamate decarboxylase (GAD, EC 4.1.1.15) and glutamate dehydrogenase (GDH, EC 1.4.1.4) activities.
100 mL of the crude protein was used for the assay of GAD activity in a 500 mL reaction mixture containing 100 mM Tris-HCl (pH 7.0), 0.5 mM pyridoxal-5-phosphate, 5 mM Glu, 1 mM DTT, 0.5 mM CaCl 2 , and 0.1mM bovine CaM [9] . [8] .
GABA Analysis
GABA analysis was performed by HPLC (Agilent 1200) according to [10] . Leaf samples (0.5 g) were homogenized in 1 mL water:chloroform:methanol Quantification was calculated by comparing the peak areas within GABA standards. We also derivatizated GABA standards with HN.
Statistical Analysis
The effect of salt, drought and combined stresses were determined using one-way variance analysis ANOVA. 
RESULTS and DISCUSSION
The Effect of Salicylic Acid on Total Chlorophyll
Content Under Stress Conditions
Salicylic acid (SA) is known naturally as a plant hormone, and it is an important signal molecule in abiotic and biotic stress conditions [11] . Previous reports indicate that SA could induce the tolerance mechanism against various stress conditions such as salt [12] [13] [14] [15] , drought [16] , and cold [17] stresses. SA was also suggested as a potential growth regulator in limited soil water availability [16] . However, SA application could cause an increased sensitivity to drought stress [18] . Previously it was mentioned that high concentration of SA could lead to negative effects on photosynthesis [19] . Therefore, the application process of SA is important to enhance the tolerance mechanisms under various stress conditions.
Total chlorophyll content can be used as an indicator in the determining the effects of supplements on plant metabolism. In previous reports, SA application could cause an increase in total chlorophyll content [15, 20, 21] . We are in agreement with these findings with an increase in chlorophyll content by SA application ( Figure   1 ). However, in our study, combined salt and PEG- induced osmotic stress significantly decreased total chlorophyll content when compared to control plants.
Under these stress conditions, SA did not help to increase total chlorophyll content in pepper plants.
The Effect of Salicylic Acid on GABA Metabolism Under Stress Conditions
During stress, SA could have effect on the stressrelated metabolites. GABA is a non-protein amino acid, and it is known to be enhanced by various stress conditions. However, the interaction between SA and GABA is still unknown. In GABA shunt, GDH activity has important role by converting α-ketoglutarate to glutamate which is the precursor of GABA. Glutamate can be occurred in various biochemical processes.
Therefore, GDH activity is differently regulated by stress conditions [22, 23] . We are in agreement with these studies. In our study, GDH activity was enhanced by SA, NaCl and PEG-induced osmotic stresses as compared to control plants ( Figure   2 ). The highest GDH activity was found under salt stress (p<0.05). However, GDH activity was found similar to control plants under the combined stress and SA+stress applications. It can be suggested that during individual stress conditions, SA might have a role in the accumulation of glutamate which could be then converted to GABA.
GAD, the key enzyme in GABA-shunt, catalyzes the conversion of glutamate to GABA. The earlier studies indicate the increase in GAD activity under NaCl stress and also supplemental of CaCl 2 [24, 25] .
In our study, GAD activity was increased especially by NaCl, NaCl+PEG and SA+PEG-induced osmotic stresses (p<0.05, Figure 3 ). The highest GAD activity was found under NaCl+PEG applied plants ( Figure   2 ). Under these stress conditions, GABA contents
showed an increase and it could be correlated with GAD activity. However, GAD activities in individual salt and PEG-induced osmotic stresses were not exactly correlated with GABA content. This might be as a result of GABA transaminase activity, which catalyzes succinic semialdehyde (SSA) to GABA.
In this pathway, GAD activity might not be active.
Moreover, the polyamine degradation pathway could respond in GABA accumulation without GAD activity.
Polyamines could be converted into GABA by the activity of polyamine oxidase and diamine oxidase [22, 23] .
Increased GABA accumulations were reported in various stresses such as drought, salt, and heavy metal stresses. In our study, individual or combined NaCl and PEG-induced osmotic-stresses caused an increase in GABA content of pepper plant ( Figure 4 ).
We are in agreement with Akama and Takaiwa [26] and Mekonnen et al. [27] with the increase in GABA accumulation under salt and PEG-induced osmotic stresses. However, SA application did not enhance GABA content even under stress applications as Daş et al. [28] indicated that Zn addition could help to increase activities of GABA-shunt enzymes.
Moreover, ABA could increase GAD activity and GABA content [25] . In pepper plants, salicylic acid did not cause a significant GABA accumulation in individual and combined stress conditions. The dose and the application process of SA could lead to this result. Therefore, further analyses should be done for identifying the effect of SA on GABA metabolism especially in single and combined stress conditions in different plants, and also the relationship between GABA and stress-related hormones should be well identified. R e f e r e n c e s
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